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XVII .  The Transyormation of the Actinium Emanation. 
By H. GEmEa, Ph.D. ~ 

I T was first shown by tI .  L. Bronsont  that the actinimn 
emanation in breaking up emits two a particles for each 

particle from the active deposit. This peculiarity was 
examined later by E. Marsden and myself $, in order to 
settle whether the two a particles are expelled together. By 
means of a double screen arrangement it was found that a 
large proportion of the scintillations, produced by the 

particles from the emanation, appeared as doublets, and 
the nmnbor of these apparent doublets was far greater than 
in the case of other radioactive substances. I t  was there- 
fore concluded that either the decay of the emanation is 
connected with the sinmltaneous emission of two ~ particles, 
or that the emanation is followed by another short-life a-ray 
product of less than ~ second period. 

In order to throw further light on this question I have 
investig~ted the ranges of the a particles from the actinium 
emanation by the scintillation-method in the following way. 
A flat glass ring, about 1 mm. thick, was covered airtight on 
one side with a thin sheet of mica, whose stopping power 
was equivalent to 8 mm. of air. This ring could be pressed 
airtight against a plane metal plate, and in this wav a shallow 
box was formed. The metal plate had two small l~oles which 
made it possible to circulate air carrying actinium emanation 
through the box. 

In order to count the scintillations at different distances a 
zinc-sulphide screen was fixed to a microscope, which could 
be moved along a graduated scale. The scintillations were 
counted within the last 2 to 3 cms. of the range at intervals 
of [ to 2 mm. The change in number which was due to the 
increase of distance was corrected for by multiplying each 
figure by the square of the distance at which the reading 
was taken. 

Curve I. in fig. 1 shows the result obtained for the 
actinium emanation and its active deposit. The curve brings 
out clearly that three products of ranges 5%, 5"7~ and 6"5 cm. 
are present. The shortest range, viz. 5"4 cm., is obviously 
that of the a particles from the active deposit which is 
generally given as 5"5 cm. To ascertain the correctness of 
this value an experiment was carried out for the active 
deposit alone, and the curve obtained is drawn on the same 

* Communicated by Prof. E. Rutherford. 
t {-1. L. Bronsori, Phil. Mat. xvi. p. $91 (1908). 
$ H. Geiger and E. Marsden, Phys. Zeitschr. xi. p. 7 (1910). 
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202 Dr. H. Geiger on the Transformation 

scale in the figure [curve II.~. I t  follows, therefore, that 
the ranges 5"7 and 6"5 are both due to the a particles from the 
actinium emanation. 

Fig. 1. 

I I 
3 r 5 6 7 

I I I I I 
3 ~ 5 6 7 

ff~IY6E IM CMS. Of~qlR. 

I t  may be added here that with the above arrangement 
also a determination of the range of the a particles from 
actinimn X was carried out. This determination is somewhat 
complicated by the fact that  it is impossible to obtain 
actinium X films free from emanation and active deposit, on 
account of the rapid growth of these substances. The thin 
actinium X film was placed inside the box described above, 
and a strong current of air was allowed to pass through it  
in order to reduce the effect from the emanation and the 
active deposit as much as possible. By carrying out count- 
ings in the same way as indicated above it was observed that 
a particles of relatively short range [4"4 cm.] were present 
in addition to the a rays from the emanation and the active 
deposit [curve I I I . ] .  

In investigating the range of the a particles from a film 
of actinium X, O. Hahn'* found a maximum range of 
6"55 cm. Since it was not known at the time that two 

particles are given off from the actinium emanation, this 
long range was naturally,. . but incorrectly, ascribed to the 

particles from aetmmm X. The value found by Hahn for 

* O. Hahn, Thys. Zeitschr. vii. p. 657 (1906). 
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of the Actinium JEmanation. 203 

the actinimn emanation, namely 5"8 cm., is in good agree- 
ment with that given above. 

The distinct difference in range of the a particles from the 
actinium emanation makes it highly suggestive that the 
emanation consists of two successive products, which both 
emil a rays. The 4 second product-- the actual emanation--  
emits a rays of range 5"7 cm. and the following short-lived 
product rays of a range of 6"5 cm. 

An experiment which gives a still more direct evidence of 
the existence of this product, and also allows an approximate 
determination of its period, was suggested to me by Pro- 
fessor Rutherford, for which I am greatly indebted to him. 
The arrangement is shortly this. Actinium emanation was 
sucked through a metal tube of rectangular cross-section, as 
shown in fig. 2. The part AB of the tube, about 2"5 mm. 

wide and i cm. long, was cut out and the opening 
Fig. 2. covered by a thin sheet of mica. A wire W, 

insulated from the tube, and placed out of centre, 
as seen in the figure, could be charged negatively 

1" .~ I to any potential required. 
A ~ I f  the short-lived product following the 

emanation is charged--as may reasonably be 
expected from an analogy of the corresponding products in 
the radium series--this product will be drawn to the wire W 
with a speed depending on the intensity of" the electric field, 
as soon as it is formed. The screen, on which the scintilla- 
tions were observed, was placed at such a distance from the 
mica window that only the a particles of longest range could 
strike it. Any radiation from the wire W was screened off 
by the box. 

Countings were taken alternately with and without the 
electric field. A very marked difference was found. The 
number of scintillations decreased to about �89 for a potential 
difference of about 30 volts, and to about ~ for a difference 
of 200 volts. More intense fields did not produce any in- 
creased effect, and this was probably due to the fact that 
some of the atoms of the short-lived product lost their charge, 
either by recombination or by contact with the walls, before 
the field had pulled them. to the wire, 

Since the migration constant of the radioactive atoms is 
the same as that of positive ions ~, it could be calculated that 
the period of the new substance is of the order of nJo6 second. 
This value can of course only be considered as a rough 
est imate;  experiments by another method are fit present in 

* J. Franck, Verliandlgn. d. d. Phys. Ges. xi. 1 o. 397 (1909). 
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204 Prof. J. S. Townsend on 

progress by Prof. Rutherford and myself, which, as it is 
hoped, will give an accurate value for the period. 

In the case of thorium emanation, where the existence of 
a product of short life has already been pointed out in a 
previous note*, similar effects ]lave been observed, and will 
be communicated in a later paper. 

Attention may be drawn to the fact that the values of the 
ranges obtained above throw new light on the relation-- 
suggested by Prof. Rutherford t in 1907---between the period 
of the active substances and the ranges of the a particles 
emitted by them. Such a relation has been found to hold 
more generally than was at first suspected. This will be 
discussed in a paper shortly to be published. 

Results. 

I t  has been shown that the actinium emanation is complex, 
consisting of two products each of which emits a rays. The 
first one--the emanation--with a period of 4 seconds emits 
a rays of a range of 5"7 cm. The second product emits a rays 
of range 6"5 cm., and has a period of the order of ~1oo of a 
second. The latter product carries a positive charge, and is 
probably a solid. 

My thanks are due to Mr. J. M. ~Tuttall for the assistance 
be has given me in some of the experiments. 

Physical Laboratory, 
Victoria University, Manchester. 

XVII I .  C]targes on Ions in Gases. 

To the Editors of the PhilosopMcal Magazine. 
D~AR SI~s,-- 

I N a paper by Professor R. A. Millikan and Mr. Harvey 
Fletcher on the valency of gaseous ionization, which 

appeared in the June number of the Philosophical Magazine, 
some experiments on the determination of the charge on an 
ion are described~ from which it is concluded that no ions 
with double charges are produced in a gas by primary or 
secondary RSntgen rays. The previous experiments by 
Professor Millikan, from which it was deduced that such 
double charges do exist, are said not to be so conclusive, and 
also all other investigations which show that positive ions 

~* It. Geiger and E. Marsden~ l. c. 
t E. Rutherford, Phil. Mag. xiii. p. 110 (1907). 
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